The chitin-active 19.2 kDa lytic polysaccharide monooxygenase BlLPMO10A from Bacillus licheniformis has been isotopically labeled and recombinantly expressed. In this paper, we report the 1 H, 13 C, 15 N resonance assignment of BlLPMO10A.
The discovery of LPMOs has fundamentally changed our understanding of the degradation of recalcitrant polysaccharides and has opened up novel opportunities for development of cheaper and more efficient enzymatic tools for biomass conversion. So far, little is known about the structural determinants of their varying activities and substrate specificities (e.g. Hemsworth et al., 2013a; Forsberg et al., 2014) . It is thus of major importance to investigate the structure and function of LPMOs for both biotechnological and scientific purposes. The NMR assignment data presented here for a chitin-active 19.2 kDa LPMO from Bacillus licheniformis (BlLPMO10A) will allow future structural and functional studies of this LPMO.
Methods and experiments
The NMR assignment was performed on recombinantly expressed full length BlLPMO10A (UniProt accession number Q62YN7). The primary gene product carries a native N-terminal leader sequence (residues 1-31), which is cleaved off during translocation to the periplasmic space of E. coli resulting in correctly processed BlLPMO10A (residues 32-203).
Cloning was performed in E. coli DH5α (Bethesda Research Laboratories). Cells were grown in LB (10 g/L tryptone, 5 g/L yeast extract and 5 g/L NaCl) or LB agar (LB with 15 g/L agar). Growth media were supplemented with 200 μg/mL ampicillin (Sigma-Aldrich) if required. Standard DNA manipulations were performed as described elsewhere (Berg et al. 2009 ).
The BlLPMO10A coding region was excised from pRSET_B_BlAA10A (cloned by Forsberg et al. 2014) using NdeI and HindIII. In parallel, pGM29ompA (Sletta et al. 2007 ) was cut with NdeI and partially digested with HindIII to remove the GM-CSF gene. The BlLPMO10A insert and the pGM29ompA backbone were ligated to each other resulting in plasmid pJB-oriLP-BlLPMO10A. Correctness of the resulting construct was confirmed by restriction digestion and sequencing of the insert. The final plasmid was transferred to E. coli RV308 (ATCC 31608).
A pre-culture was made by inoculating LB containing 200 μg/mL ampicillin with E. coli RV308 cells containing the pJB-oriLP-BlLPMO10A plasmid, followed by incubation at 37°C and 225 rpm, overnight. To uniformly label BlLPMO10A with 13 C/ 15 N, 500 mL M9 minimal medium was prepared containing 99% ( 15 NH4)2SO4, 98% 13 C6-Dglucose, 10 mL Bioexpress Cell Growth Media (Cambridge Isotope Laboratories, Tewksbury, MA, USA) and 200 μg/mL ampicillin. The main culture was made by inoculating M9 minimal medium or 500 mL LB containing 200 μg/mL ampicillin with 1% pre-culture and incubating at 37°C and 225 rpm until OD600 ∼ 0.6-0.8 was reached. After cooling the culture on ice for 5 minutes, protein expression was induced with m-toluic acid to a final concentration of 100 μM, followed by incubation at 16°C, 225 rpm, overnight. The culture was harvested by centrifugation at 5,500 xg for 6 minutes at 4°C and the supernatant was removed. The cell pellet was re-suspended in 30 mL ice-cold spheroplast buffer (50 mL 1 M Tris-HCl pH 8.5, 85.5 g sucrose and 500 μL of a stock solution of 0.5 M EDTA pH 8.0) with half a tablet of Complete Protease Inhibitor (Roche) and incubated for 5 minutes on ice. The suspension was centrifuged at 6,150 xg at 4°C for 10 minutes and the supernatant was removed. The pellet was incubated at room temperature for 10 minutes, followed by re-suspension in 25 mL ice-cold MilliQ water with half a tablet Complete Protease Inhibitor (Roche). After 45 seconds, 1.25 mL 20 mM MgCl2 was added. The suspension was centrifuged at 15,000 xg at 4°C for 10 minutes and the supernatant was filtered through a 0.22 μm filter.
An ÄKTA FPLC instrument equipped with a weak anion exchange column (5 mL HiTrap DEAE FF, GE Healthcare Life Sciences) was used to purify the protein. The column was prepared by washing with 5 column volumes of 50 mM Tris-HCl (pH 8.5; running buffer). The periplasmic extract was loaded onto the column and unbound protein was washed of the column by passing through 10 column volumes of running buffer. Protein was then eluted using a linear salt gradient from 100% running buffer to 50% elution buffer (50 mM Tris-HCl, pH 8.5, containing 1 M NaCl) over 200 minutes. The flow rate was 4.5 mL/min throughout the experiment. Fractions containing pure BlLPMO10A (assessed by SDS-PAGE) were concentrated using a VivaSpin 20 protein concentrator (10 kDa cut-off, Sartorius). Four samples were made. In two samples, one non-labeled and one 13 C, 15 N-labeled, the elution buffer was changed to an NMR buffer (25 mM sodium phosphate pH 5.0 and 10 mM NaCl) with D2O added to a final ratio of 90% H2O/10% D2O (Cambridge Isotope Laboratories, Tewksbury, MA, USA). In the two other samples, one non-labeled and one 13 C, 15 N-labeled, the elution buffer was changed to an NMR buffer (25 mM sodium phosphate pH* 5.0 and 10 mM NaCl) in 99.9% D2O. The final samples contained 1-1.5 mM BlLPMO10A.
The NMR spectra were recorded at 298 K on a Bruker Avance 600 MHz spectrometer equipped with a 5-mm Zgradient CP-TCI (H/C/N) cryoprobe at the NT-NMR-Center (NMR-Center at the Faculty of Natural Sciences and Technology at the Norwegian University of Science and Technology, Trondheim, Norway). 1 H and 13 C chemical shifts were referenced internally to the sodium salt of 3-(trimethylsilyl)propanoic acid (TSP), while 15 N chemical shifts were referenced indirectly to TSP, based on the absolute frequency ratios (Zhang et al. 2003) . Sequencespecific backbone and side-chain assignments of BlLPMO10A were accomplished using 15 N-HSQC, 13 C-HSQC HNCO, HN(CA)CO, HNCA, HN(CO)CA, CBCANH, CBCA(CO)NH, HBHANH, HBHA(CO)NH, HC(C)H-TOCSY and HC(C)H-COSY spectra. Assignment of the aromatic side-chains was obtained from IP-COSY, TOCSY, NOESY and 13 C-HSQC experiments. The NMR data were recorded and processed with Bruker TopSpin version 2.1/3.0 and spectral analysis was performed using CARA version 1.5.1/1.8.4 (Keller 2004 ).
Assignment and data deposition
We report here the assignment of backbone and side-chain resonances for BlLPMO10A. The 15 N-HSQC spectrum of BlLPMO10A, together with the assignment of the resonances is shown in Fig. 1 . The backbone and the side-chain assignments are essentially complete (H N , H α , N, C α , C' > 97%; H and C side-chains > 90%). The amide group (H N , N) of His1 could not be found, although other nuclei were assigned. None of the exchangeable side-chain protons of Arg and Lys residues were identified. Side-chain amide groups of most Asn and Gln residues were assigned. Most of the protons and some of the carbon atoms of aromatic side-chains were assigned. The chemical shift data have been deposited in the BioMagResBank under the accession number 19984. 
